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Wklv sdshu dqdo|}hv wkh frqvhtxhqfhv ri d zrunlqj wlph uhgxfwlrq zlwklq dq
lqwhjudwhg vklunlqj0pdwfklqj prgho1 Xqghu ￿odlvvh} idluh￿/ zrunhuv dqg hpsor|huv
edujdlq ryhu zdjhv dqg zrunlqj krxuv1 Zkhq xqhpsor|phqw lv kljk/ wkh qr0vklunlqj
frqglwlrq lv elqglqj dqg wkh qxpehu ri zrunlqj krxuv lv orzhu wkdq wkh ohyho wkdw
zrxog eh qhjrwldwhg lq wkh devhqfh ri xqrevhuydeoh vklunlqj1 Lq wklv fdvh/ d zrun0
vkdulqj srolf| lqfuhdvhv djjuhjdwh hpsor|phqw1 Dw wkh rssrvlwh/ iru orz xqhpsor|0
phqw frxqwulhv/ wkh qr0vklunlqj frqglwlrq grhv qrw elqg dqg d zrunlqj wlph uhjxodwlrq
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￿Dfnqrzohgjphqwv= L dp prvw judwhixo wr Hulf Vplwk dqg Udqgdoo Zuljkw iru wkhlu ydoxdeoh vxjjhv0
wlrqv zkhq L zdv ylvlwlqj XShqq1 L dovr wkdqn iru wkhlu frpphqwv Phoy|q Frohv/ Ylfwruld Rvxqd/ Udgx
Yudqfhdqx/ wkh vhplqdu sduwlflsdqwv dw wkh Fkxqj0Kxd lqvwlwxwlrq iru Hfrqrplf Uhvhdufk +FLHU,/ Qdwlrqdo
Wdlzdq Xqlyhuvlw|/ Dfdghpld Vlqlfd Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Odxvdqqh +GHHS,/ Xqlyhuvlw| ri
Orxydlq0od0Qhxyh +FRUH dqg LUHV, dqg Xqlyhuvlw| ri Ruo￿dqv +OHR, dqg wkh sduwlflsdqwv dw wkh HHD<<
Frqjuhvv1 Wkh uhylvhg yhuvlrq ri wkh sdshu kdv ehqh￿wwhg iurp wkh lqsxw ri Dohnvdqghu Ehuhqwvhq/ Pdulxv
Eu￿okduw dqg wzr dqrq|prxv uhihuhhv1
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5Krho dqg Ydoh +4<;9, xvh wkh wxuqryhu yhuvlrq ri wkh h!flhqf| zdjh prgho/ zkhuh wkh txlw udwh ghshqgv
rq wkh zdjh srolf| ri wkh ￿up1 Judqlhu +4<<:,/ Prvhooh +4<<9, dqg Uhelw}hu dqg Wd|oru +4<<8, dgrsw wkh
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6Dffruglqj wr Kduw +4<;:,/ wklv idwljxh h￿hfw lv grplqdqw iru orqj gxudwlrqv ri zrun1 Krzhyhu/ d uhfhqw
vwxg| rq d sdqho ri Iuhqfk ￿upv lqglfdwhv wkdw uhgxflqj zrunlqj wlph zrxog qrw kdyh d vljql￿fdqw srvlwlyh
lpsdfw rq wkh surgxfwlylw| shu pdq krxu +Jldqhood dqg Odjdugh/ 4<<<,1 Qrwh wkdw rxu uhvxowv zrxog qrw
eh d￿hfwhg li zh kdyh dvvxphg wkdw |+=, zdv olqhdu lqvwhdg ri vwulfwo| frqfdyh/ dv orqj dv h+=, lv vwulfwo|
frqyh{1
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9Dv lw kdv suhylrxvo| ehhq phqwlrqhg/ wkh zrunhu*v edujdlqlqj srzhu rqo| dfwv xsrq wkh vsolwwlqj ri wkh
pdwfk vxusoxv1 Krzhyhu/ xqghu d FHV vshfl￿fdwlrq iru wkh xwlolw| ixqfwlrq/ Pdulprq dqg ]lolerwwl +5333,
lqglfdwh wkdw wkh zrunhu*v edujdlqlqj srzhu lq xhqfhv wkh zrunlqj wlph1
:Wklv uhvxow lv frqwlqjhqw xsrq wkh dvvxpswlrq ri frqvwdqw uhwxuqv wr vfdoh ri wkh surgxfwlrq whfkqrorj|
zlwk uhvshfw wr wkh qxpehu ri zrunhuv +vhh Pdulprq dqg ]lolerwwl/ 5333/ Sursrvlwlrq 4,1
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;Dq dqdorjrxv dujxphqw lv phqwlrqhg e| Vfkplgw0Vruhqvhq +4<<4, lq klv frqfoxglqj uhpdunv1 Kh
lqglfdwhv wkdw hpsor|hg zrunhuv jhw lqfhqwlyhv wr frxqwhudfw wkh h{shfwhg lqfuhdvh lq surgxfwlylw| iurp
orzhu zrunlqj krxuv/ wr wkh ghwulphqw ri xqhpsor|hg/ ehfdxvh vxfk dq lqfuhdvh zrxog lpso| d ghfuhdvh lq
wkh h!flhqf| zdjh1
<D uhodwhg h{whuqdolw| lv srlqwhg rxw e| Vkdslur dqg Vwljolw} +4<;7/ s1773,= dffruglqj wr wkhp/ zkhq d
￿up kluhv rqh pruh zrunhu/ lw idlov wr wdnh lqwr dffrxqw wkh h￿hfw wklv kdv rq YX1
43Lq rxu prgho/ wkhuh lv qr wudqvlwlrqdo sdwk iru wkh ydoxh ixqfwlrqv1 Iroorzlqj d fkdqjh lq wkh zrunlqj
wlph/ YX dqg YH lpphgldwo| mxps wr wkhlu qhz vwhdg| vwdwh ydoxh1
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44Vhdufk h{whuqdolwlhv dulvh ehfdxvh wkh ￿upv* hqwu| ghflvlrq d￿hfwv wkh ydfdqf| ￿oolqj udwh +d frqjhvwlrq
h￿hfw, dqg wkh h{lw udwh ri xqhpsor|phqw +d wklq pdunhw h{whuqdolw|,1 Pruh suhflvho|/ wkh ydfdqf| ￿oolqj
udwh/ p+x>y,@y/l vl q f u h d v l q jz l w ky zkhuhdv wkh h{lw udwh rxw ri xqhpsor|phqw/ p+x>y,@y/ lv ghfuhdvlqj
zlwk y1 Wkhvh h{whuqdolwlhv mxvw r￿vhw rqh dqrwkhu zkhq ￿ lv htxdo wr wkh hodvwlflw| ri wkh pdwfklqj ixqfwlrq
zlwk uhvshfw wr xqhpsor|phqw1 Vhh Krvlrv +4<<3, dqg Slvvdulghv +4<<3,1 Wkh h!flhqw fdvh lv ri sduwlfxodu
lqwhuhvw ehfdxvh Pruwhqvhq dqg Zuljkw +4<<:, kdyh ghprqvwudwhg wkdw vxfk dq rxwfrph fdq eh vxvwdlqhg
e| d frpshwlwlyh vhdufk htxloleulxp zkhuh wkhuh lv d frpshwlwlrq dprqj pdunhw pdnhuv1
45D vlplodu uhvxow lv irxqg lq wkh vklunlqj prgho ri Prvhooh +4<<9, dqg lq pdwfklqj prgho ri Slvvdulghv
+5333, li ￿ @ ￿1 Ixuwkhupruh/ lw fdq eh ghprqvwudwhg wkdw li wkh Krvlrv0Slvvdulghv* frqglwlrq iru h!flhqf|
krogv +l1h1 ￿ @ ￿, wkhq wkh hodvwlflw| ri wkh h{lw udwh rxw ri xqhpsor|phqw zlwk uhvshfw wr wkh qxpehu ri
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46Li wkh lqflghqfh ri xqhpsor|phqw +￿, zdv hqgrjhqrxv/ dq HZ phfkdqlvp frxog jhqhudwh pxowlsoh
htxloleuld1 Vhh Pruwhqvhq dqg Slvvdulghv +4<<<,1
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48Dffruglqj wr Pruwhqvhq dqg Slvvdulghv +4<<<,/ yduldwlrqv lq wkh sd|uroo wd{ dqg xqhpsor|phqw ehqh￿w
ohyhov fdq h{sodlq wkh gl￿huhqfhv lq wkh xqhpsor|phqw udwh dprqj RHFG frxqwulhv1
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